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Abstract 
Sugar extraction from sugarcane is a process which contains high volume of effluent, 
high levels of organic matter and biochemical oxygen demand (BOD). So, their disposal and 
discharge to rivers and environmental systems endangers the aquatic life. This research 
investigates and determines the kinetic coefficients of anaerobic treatment system (UASB) in 
sugarcane industrial wastewater treatment plant. BOD5, COD, and TSS parameters in the 
input and output effluent of reactor were measured and the kinetic coefficients of Kd, KS, 
Kmax, and µmax were calculated using modified Monod Equations by determining the system 
design and operating parameters. The experimental results showed that rate of KS, Y, Kd, 
µmax, and Kmax for application of UASB process in wastewater treatment of sugarcane 
factories was 506.4 mg/L, 0.053 g VSS/g COD, 0.086 d-1, 0.0049 d-1, and 0.055 d-1, 
respectively. The kinetic coefficients obtained in this research can be used in management, 
operation, and preparation of design principles of similar sugarcane treatment plants 
particularly in topical areas. 
 
Keywords: Wastewater treatment; sugarcane industry, kinetic coefficients; UASB reactor; 
modified Monod equation  
1. Introduction 
Untreated wastewater coming from industries or cities causes a negative impact on the 
environment. The effect of discharging wastewater directly to a water reservoir was noticed, 
in 2004 and 2007, when huge amount of death fish appeared in the lake Cocibolca 
(Nicaragua) (Nejad et al. 2013; Rodríguez-Gómez 2013). The process of sugar extraction 
from sugarcane discharges high volume of effluent, high levels of organic matter and 
biochemical oxygen demand (BOD). Therefore, their disposal and discharge to rivers and 
environmental systems endangers the environment and aquatic life (Mousavian et al. 2016). 
Sources of wastewater production in such factories include the wastewater resulting from 
transferring or washing beet or sugarcane, effluent from: (i) color bleaching resins, (ii) 
washing hardeners, (iii) washing the machinery and equipments, (iv) extraction of Molasses 
from sugar, (v) washing plant area, etc (Mousavian et al. 2016). Nearly, all types of 
wastewaters can be treated with biological methods by proper analysis and environmental 
control. To understand the characteristics of each biological process is necessary in order to 
ensure the provision of a suitable environment with effective control (Osaloo and 
Khoushfetrat 2004).  
Anaerobic treatment is widely employed for treatment of most of the industrial 
wastewater containing high concentrations of soluble organic matter (Işik and Sponza 2005; 
Mostaed et al. 2010). Numerous anaerobic digesters exist and their classification is based on 
different criteria. There are low-, high- and ultrahigh- rate reactors if classification by 
hydraulic retention time (HRT) in used. Another important criterion is based on how (that 
means the manner) biomass is available in the process. Mainly, there are three ways: (i) 
attached on a support, (ii) suspended in the medium, and (iii) in granular sludge particles. In 
this study, reactors with granules as biomass will be mentioned. At first, the development of 
those reactors began with the up flow anaerobic sludge blanket (UASB) and then continued 
with some other types of reactors which mainly focused on the same criterion (Jaafari et al. 
2017; Mirzaiy et al. 2012; Mosavian and Takdastan 2014; Seyedsalehi et al. 2017). 
The UASB reactor is considered to be a major section of the “high-rate” anaerobic 
technology. At first years, UASB reactors were designed to treat industrial concentrated 
wastewaters, but nowadays the treatment also includes domestic wastewaters. The success of 
the UASB reactor concept relies on the establishment of a dense sludge bed in the bottom of 
the reactor, in which all biological process take place (Seghezzo 2004). A typical cylindrical 
UASB reactor is illustrated in Figure 1. 
 
 
Figure 1. UASB reactor for wastewater treatment. 
 
Much intention in the above scheme must be given in the feed inlet, the stages of gas 
separation, the collection of gas, and finally the effluent resulted. One thing that is major to 
say is that the design of the inlet feed and the stages of gas separation are unique to this type 
of reactors (UASB). Theory clearly reports that the design of the feed inlet must be done in 
such way in order to obtain/provide uniform distribution inside the reactor, avoiding 
channeling or creation of dead zones (Tchobanoglous et al. 2003). 
The UASB reactor process design is based on a special flow regime, the incoming 
wastewater is introduced into the reactor by means of a distribution system device. 
Wastewater passes upward through the sludge bed particles, enters into the settling zone via 
apertures between the phases separator elements, and it is uniformly discharged (Van Haandel 
et al. 2006). UASB reactor usually has short HRT and high volume load. As discussed above, 
it is necessary to ensure a uniformly influent distribution of wastewater. The kinetics of 
anaerobic conversion reaction in immobilized biomass is an important aspect in the 
biodegradation of organic matter.  
Kinetic coefficients are used to control biological treatment processes and the models 
of the removal of organic matters and nutrients and also the microbiological growth are 
forecasted and estimated. Kinetic coefficients within the desired range of each biological 
treatment process are used for designing the same unit and the same specific wastewater in 
different places and are applied in the formulae of treatment plants designing. A study by 
(Takdastan et al. 2010) showed that identifying and describing Biological process types and 
analytical methods; process microbiology and biochemistry; and growth and substrate 
conversion patterns and kinetics, models, in SBR by adding chlorine and ozone dosage with 
sludge reduction. Estimation of kinetic parameters of heterotrophic biomass under aerobic 
conditions and characterization of wastewater for sequencing batch activated sludge modeling 
by heating some returned sludge (Fazelipour et al. 2011; Pazoki et al. 2010). 
Mathematical models are used in fundamental research of anaerobic processes to 
examine the hypotheses, to determine the importance of relationships between variables to 
guide the experimental design and to evaluate the experimental results. These models also 
used to control and predict the treatment plant operation performance and to optimize the 
plant design and the results of scale-up pilot studies. At present, simplified models (involving 
only few variables) are easier to monitor and necessary for industrial applications in order to 
determine the kinetic constants (Iza et al. 1991; Takdastan et al. 2009). Amongst various 
mathematical models used to describe kinetics, the Monod model is the most and widely 
applied, based on the principle that the growth rate of microorganisms is proportional to the 
consumption of substrate. Moreover, through kinetic modeling, important information can be 
obtained, namely: (i) maximum specific rate of growth of biomass (max); (ii) saturation 
coefficient (Ks); (iii) decay coefficient (kd), and (iv) the yield coefficient (Y) (Campos et al. 
2005). Monod type kinetic models have been widely used to describe the process kinetics of 
anaerobic digesters (Anderson et al. 1996).  
Given the importance of the matter, some research has been done in this regard. The 
kinetic coefficients of UASB reactors in the treatment of wastewater of slaughter house 
(Tauzene and Milton 2011), ice-cream manufacturing plant (Borjai and Banks 1994), using 
fed batch reactors treating swine effluent (Masse and Massé 2010) and treating swine 
wastewater were calculated and determined by means of modified Monod equation.  
In this study, the kinetic coefficients of UASB system in sugarcane factories were 
evaluated and examined in order to determine the appropriate operation of UASB treatment 
system as a suitable pretreatment before the active aerobic treatment system of sludge for the 
wastewater treatment of sugarcane industry. The kinetic coefficients obtained in this research 
can be used in management, operation, and design of similar treatment plants of sugarcane 
industry.  
 
2. Materials and Methods 
This study was conducted for 6 months in 2014-2015 in the wastewater of sugarcane 
factory in Shooshtarze located in Khuzestan Province (Iran) by means of UASB system at 
industrial scale. Since the plant activity is seasonal, the treatment plant is active about 6 
months per year (with the beginning of sugarcane harvest at the end of September till the end 
of March). In this industry, wastewater is not produced constantly due to climatic conditions 
and delay in harvesting sugarcane and interruption to production. In order to control the flow 
fluctuations and for uniform quality of input effluent in terms of pollution load, the raw 
sewage is directed to the integration tank with retention time of 10 days. Then it is directed to 
modification tank for setting important parameters such as pH, P, N, COD, and essential 
micro-nutrients for the growth of anaerobic bacteria. After the injection of certain chemicals 
such as caustic soda (NaOH), hydrochloric acid (HCl), urea, and phosphoric acid (H3PO4), the 
wastewater with discharge of 50 m3/h (at 37 °C) is transferred by means of wastewater 
distribution pipes from the reactor floor by the distance of 1.20 cm to the UASB reactor with 
width and length of 15.8 m, height of 6 m and approximate volume of 15,000 m3. Organic 
compounds in effluents after combining with the mass of micro-organisms (which are in the 
form of dense granular particles with the approximate size of 0.14-0.50 mm) will convert to 
methane and CO2. The produced biogases in UASB reactor are collected and burned by being 
directed towards the flame. UASB reactor was launched in October and the wastewater 
samples were taken twice a week in November, December, and January from the input and 
output points of the reactor by Grap-sample method. 7 samples were analyzed to determine 
parameters like BOD, COD, TSS, pH, VSS according to the standard methods of wastewater 
tests (APHA et al. 2005) and 21 samples were totally considered for each parameter. 
 
2.1. Parameters for determining kinetic coefficients 
(i) COD or (S0): concentration of raw effluent entering the reactor (mg/L) 
(ii) COD or (S): concentration of raw effluent leaving the reactor (mg/L) 
(iii) VSS or (X): concentration of microorganisms in the bottom of reactor (mg/L) 
(iv) SRT or (θc): cell retention time (day) 
(v) HRT or (θH): hydraulic retention time (day) 
 2.2. Determining sampling points 
(i) Effluent entering the UASB reactor (modification tank effluent) 
(ii) Effluent leaving the overflow of UASB reactor 
(iii) Valve No. 2 of the reactor body (at a distance of 0.5 m from the bottom of reactor) 
 
2.3. Test method and experimental conditions 
Using the results of testing the qualitative parameters parameters of UASB reactor 
input and output, i.e. measured data of the parameters HRT (θH), SRT (θc), COD organic 
loading in kg/d and eliminated BOD in kg/d, for each UASB system per month and by means 
of Minitab software and drawing the diagrams, the kinetic coefficients (KS, µmax, Kd, Y, Kmax) 
were obtained by means of Minitab software, according to the modified Monod equation. The 
experimental conditions are given below: 
(i) 100 mL of raw input and output effluent for determining the concentration of COD 
by means of COD meter spectrophotometer LOVIBOND-ET 108 according to the test No. 
5250B (APHA et al. 2005). 
(ii) 100 mL of output effluent from valve No.2 of the reactor body (Figure 2a) for 
determining the concentration of biomass in the reactor by conducting VSS experiment 
through gravimetric method by means of a digital scale and digital stainless steel oven 
according to the test No. 2540 E (APHA et al. 2005). 
(iii) 25 mL of output effluent from the modification tank (Figure 2b) for measuring pH 
by means of pH meter  JENWAY 3310 according to test No. 4500HB (APHA et al. 2005). 
 
  
(a) (b) 
Figure 2. (a) UASB reactor in sugarcane industry; (b) the output valves from the UASB 
reactor. 
 
2.4. Determining method of kinetic coefficients 
In order to determine the kinetic coefficients Y and Kd in this study, Eq. (1) was 
initially used (Işik and Sponza 2005): 
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The coefficients of Y and Kd were estimated from Eq. (1) by drawing the regression diagram. 
To determine the kinetic coefficients Ks and μmax, the 0
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versus Eq. (2) was used (Işik 
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 versus (1/S) by drawing the 
regression diagram, where Kmax was calculated by means of Eq. (3) (Işik and Sponza 2005). 
max maxK = µ
 (3) 
The parameters used in above equations are the following:  
Measured 
 (COD) S0: concentration of input substrate (mg/L) 
 (COD) S: concentration of output substrate (mg/L) 
 X: concentration of microorganisms (mg/L) 
 θc: cell retention time (day) 
 θH: hydraulic retention time (day)  
Estimated 
 Kd: cell death coefficient  
 μmax: maximum specific growth rate  
 Y: yield coefficient 
 Kmax: maximum rate of organic matter decomposition  
 
3. Results and Discussion  
The results of the experiments in this study for determining the kinetic coefficients in 
November, December, and January are shown in Table 1. With the help of this kind of 
information and other tables the values of kinetic coefficients in November, December, and 
January were calculated. Table 2 shows the calculated values of solids retention time with 
considering 16% of waste sludge in average per day in November, December, and January. 
The hydraulic retention time of the effluent in reactor was considered as 12 h for the 
mentioned months. 
 Table 1 
The values obtained through the experiments of determining kinetic coefficients of November, December, and January. 
 X (mg/L) C (d) θ S (mg/L) S0 (mg/L) 
 January December November January December November January December November January December November 
1 6787 6636 5.5325 1.11 19.8 13 1500 1200 1700 4860 4120 3990 
2 5456 4563 4969 89.7 75.6 61.6 1640 1150 1400 4750 6323 3860 
3 3953 4393 4982 77.7 48.6 25.6 1300 1440 1650 3870 4234 4440 
4 3731 3985 4200 6 35.6 65.5 1370 1310 1900 4150 4188 4840 
5 9.3862 3611 3011 97.5 5.5 79.5 1600 1500 1980 4690 4352 4690 
6 3533 3481 2814 88.5 78.4 53.4 1720 1700 1700 4900 4383 4500 
7 3621 6400 2380 68.5 37.4 49.4 1520 1400 1200 4960 4600 3700 
 
Table 2 
Solids retention time (SRT) in November, December, and January. 
  SRT (d)  
 January December November 
1 11.1 8.19 13 
2 7.89 6.75 6.61 
3 7.77 6.48 6.25 
4 6 6.35 5.65 
5 5.97 5.5 5.79 
6 5.88 4.78 4.53 
7 5.68 4.37 4.49 
 To determine kinetic coefficients Y and Kd in this study the values of 1/SRT (θc) 
are calculated using Eq. (1) and by means of available information in Table 1 and 
0S S
Η
 −
 θ ⋅Χ   
are displayed in Table 3. 
Table 3 
Values of 1/SRT (θc) and 
 
 
 
0
Η
S - S
θ × Χ
 calculated in November. 
    
 
 
 
 
0
Η
S - S
θ × Χ  
1/SRT (θc) 
1 0.86 0.07 
2 0.99 0.122 
3 1.12 0.15 
4 1.4 0.16 
5 1.8 0.17 
6 1.99 0.172 
7 2.1 0.22 
 
In Figure 3 the regression diagram between coefficients of Y and Kd are calculated by means 
of it. 
 
Figure 3. Linear regression between 1/SRT (θc) and 0
S S
HRT
− 
 ⋅Χ 
 in November. 
 Therefore, the values Y and Kd were obtained as Y = 0.105 g VSS/g COD and Kd = 0.024 d-1. 
In the next step, the kinetic coefficients of μmax and Ks were determined by means of Eq. (2) 
and the calculated values are presented in Table 4. 
 
Table 4 
Values of 1/S and 
 
 
 
C
C
SRT (θ )
1+ SRT (θ )× Χ
 calculated in November. 
    
 
 
 
 
C
C
SRT (θ )
1+ SRT (θ )× Χ
 1/S 
1 345 0.00058 
2 348 0.0005 
3 376 0.00083 
4 361 0.00059 
5 367 0.00052 
6 368 0.00071 
7 393 0.0006 
 
The coefficients of C
C
SRT (θ )
1+SRT (θ )×Χ
 
 
 
 and 1/S are drawn and in Figure 4 the regression 
curve between of μmax and Ks are calculated by means of it.  
 
 Figure 4. Linear regression between 1/S and C
C
SRT (θ )
1+SRT (θ )×Χ
 
 
 
 in November. 
Therefore, the values of Ks and μmax were calculated as Ks = 484.9 mg/L and μmax= 0.0035d-1. 
Kmax was also calculated from Eq. (3) equal to 0.033. 
In the same way the calculated values of C
C
SRT (θ )1 ,
S 1+SRT (θ )×Χ
 
 
 
 are displayed in Tables 5 and 
6. 
Table 5 
Values of 
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1/SRT 
1 99.3 0.00058 0.88 0.122 
2 101 0.00066 1.1 0.148 
3 104 0.00069 1.22 0.154 
4 105 0.00071 1.38 0.157 
5 105.8 0.00076 1.44 0.18 
6 107 0.00083 1.58 0.2 
7 112 0.00086 1.6 0.22 
 
 Table 6 
Values of 
 
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S 1+ SRT (θ )× Χ
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0
Η
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 calculated in 
January. 
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1/SRT 
1 298.5 0.00058 0.99 0.090 
2 299 0.0006 1.14 0.126 
3 300 0.00062 1.3 0.128 
4 309 0.00065 1.49 0.166 
5 310.8 0.00066 1.6 0.167 
6 315.6 0.00072 1.8 0.17 
7 317 0.00076 1.9 0.176 
 
Figures 5 and 7 display the linear regression between 1/SRT and 0
Η
S -S
HRT(θ )×Χ
 
 
 
 in 
December and January. In Figures 6 and 8, the regression curves between in 0
Η
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HRT(θ )×Χ
 
 
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and 1/S in mentioned months are shown.  
 
Figure 5. Linear regression between 1/SRT and 0
Η
S -S
HRT(θ )×Χ
 
 
 
 in December. 
 
 
Figure 6. Linear regression between 1/S and C
C
SRT (θ )
1+SRT (θ )×Χ
 
 
 
 in December 
 
 
Figure 7. Linear regression between 1/SRT  and 0
Η
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 in January. 
  
Figure 8. Linear regression between 1/S and C
C
SRT (θ )
1+SRT (θ )×Χ
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 in January 
 
Considering the Figures 5 and 6 the values of kinetic coefficients Y, Kd, KS, μmax and Kmax in 
December were calculated as 0.013 g VSS/g COD, 0.134 d-1, 527.9 mg/L, 0.0083 d-1, and 
0.09 d-1, respectively. Table 7 displays the kinetic coefficients obtained in November, 
December, and January in the UASB system of wastewater treatment plant of sugarcane 
industry. 
 
Table 7 
Kinetic coefficients obtained in November, December, and January. 
 μmax Y Kd KS Kmax 
Months (d-1) (kg VSS/kg COD) (d
-1) (mg/L) (d
-1) 
November 0.0035 0.105 0.0024 484.9 0.033 
December 0.0083 0.013 0.1340 527.9 0.090 
January 0.0029 0.043 0.1020 506.6 0.042 
 
The results of the research showed that changes of concentration of organic matters 
entering the treatment plant were insignificant, so that the total mean of organic matters 
(COD) of raw sewage was 4288.5±438 mg/L in November, 4600±775 mg/L in December and 
4597±418 mg/L in January and this value in December was higher than in the other studied 
months. BOD/COD ratio of raw sewage entering the treatment system was 0.42 to 0.49 in all 
three months, which indicates the degradability of raw sewage entering the wastewater 
treatment plant. 
The mean of self-destructive coefficient Kd in the studied months is equal to 0.086, 
which is within the range of other similar studies in UASB systems. This value indicates the 
lack of growth inhibiting factor in the raw sewage entering the biological treatment system. 
Brito et al. (Brito and Melo 1997) investigated the performance of UASB reactor in 
wastewater treatment plant of slaughterhouse and calculated the self-destructive coefficient of 
Kd equal to 0.029 d-1. Moreover they calculated other kinetic coefficients of k, Ks, Y as 5.1 d-
1, 1.47 kg/COD, and 0.17 kg VSS/ kg COD, respectively. 
Borjai and Bank (Borjai and Banks 1994) did some research on the effluents of ice 
cream manufacturing company in pilot scale and calculated the Kd coefficient as 0.028 d-1, 
and the coefficients of Y, Ks, and K as 0.16 kg VSS/ kg COD, 1.39 mg/L, and 0.29 d-1, 
respectively. Y coefficient or the coefficient of cell mass production in December was 
minimal by 0.043 kg VSS/kg COD and the highest amount of produced sludge in November 
was equal to 0.105 kg VSS/kg COD. There is an inverse relation   between the maximum 
specific growth rate coefficient (μmax) and half saturation coefficient (Ks), so that the higher 
the rate of half saturated substrate (Ks) is, the lower the biological activity or specific growth 
rate (μmax) will be and the biological treatment efficiency will decrease. In this research, the 
maximum coefficient of specific growth μmax and the maximum rate of degradation Kmax in 
December were higher than other studied months which indicate high efficiency of removal 
of biodegradable organic matter (BOD5) in December rather than the other months. In this 
study, the efficiency of COD removal increased from 61.5% in November by organic loading 
rate of 3.67 kg COD/m3 d to 69.8% in December by organic loading rate of 2.11 kg COD m3 
d. The hydraulic retention time was constant and equal to 12 h in the studied months.  
With respect to the constant temperature of wastewater temperature entering the 
UASB biological treatment system, the tangible reduction of BOD and COD removal 
efficiency of biological treatment system in December can be associated with the increase of 
factory activity and the increased concentration of produced wastewater in different units of 
the factory. The generated wastewater in units of producing sugar and animal food and 
industrial board contains oil compounds, phosphate compounds, and sugar compounds 
resulting from the extraction of molasses from sugar which can increase the organic load so 
that organic loading in November has increased by 3.67 kg/d for each one cubic meter of 
UASB volume compared with December and January. As the sugarcane harvest is interrupted 
in December and January due to climatic conditions, the activity of sugar manufacturing 
factory is reduced and less wastewater with organic load is generated. The rate of organic 
loading in biological treatment system reduced by 2.11±0.2 and 2.97±0.3 in December and 
January, respectively which resulted in the increase of BOD and COD removal efficiency in 
biological treatment system within the mentioned months. In addition to the effect of 
wastewater concentration on the removal efficiency, concentration of mixed liquid suspended 
solids (MLSS) also has a significant impact on the removal efficiency of biological treatment 
system. Table 8 shows the concentration of mixed liquid suspended solids (MLSS) in 
November, December, and January which is equal to 4980±1499, 5916±1609, and 
5566±1552, respectively. Therefore, the obtained results indicate that the increase of the rate 
of MLSS in biological treatment system influences the increase of removal efficiency of BOD 
and COD in filtration system. In order to increase BOD and COD removal efficiency of 
treatment plant system, different parts of the factory can promote the performance of 
biological treatment system through the primary wastewater treatment such as using fat-
consuming materials or using septic in the path of wastewater and through accurate 
identification of materials produced by different units of the factory in various months of the 
year. 
Isik and Sponza (Işik and Sponza 2005) investigated the UASB reactor performance 
for the removal of azo dyes and salts and other additives from the simulated textile effluent in 
laboratory scale and calculated the kinetic coefficients of Ks, Kd, Y, and μmax as 10338 mg/L, 
0.0065 d-1, 0.125 mg VSS/mg COD, and 0.105 d-1, respectively. Perez et al. (Pérez et al. 
2012) evaluated the UASB reactor performance in wastewater treatment and calculated the 
kinetic coefficients of Ks, Kd, Y, μmax and K as 214 mg/L, 0.0023 d-1, 0.0767 kg/VSS/kg 
COD, 0.0198 d-1, and 0.257 d-1, respectively and the suggested coefficients in the research 
were developed successfully. Usually, the kinetic coefficients in various studies are very 
different for different kinds of industrial effluents. Even in similar studies, the coefficients are 
slightly different based on the quality of input wastewater and the kind of treatment system 
and the difference results from operating conditions and changing quality of input substrate 
and their changes. In this research by changing factors such as input substrates (BOD and 
COD), different organic loads entering the reactor, and also biomass concentration changes in 
UASB reactor during the study, different kinetic coefficients were obtained. The summary of 
obtained results is presented in Table 7.  
In general, the results of the research can be used for the prediction of UASB system 
performance and determination of kinetic coefficients Y, Kd, μmax, KS, and μ in UASB reactor 
in full scale for similar industries. 
 
 
4. Conclusion 
In this present work, the determined models are properly adjusted and consequently 
consistent.The kinetic parameters estimated in the UASB reactor were: limiting substrate 
concentration Ks=506.4 mg/L, yield coefficient Y= 0.053 g VSS/g COD, decay coefficient 
Kd= 0.086 d-1, maximum growth rate µmax = 0.0049 d-1 and Kmax= 0.055 d-1. The mean of 
organic loading entering the UASB reactor is equal to 2.91 kg COD/m3d and the mean of 
BOD removal efficiency is 66.1%. The obtained results in this study indicate the appropriate 
performance of UASB treatment system. Furthermore, this system can be used as an 
appropriate pretreatment before the active aerobic treatment systems of sludge for the 
wastewater treatment of sugarcane industry. The kinetic coefficients obtained in this research 
can be used in management, operation, and design of similar treatment plants of sugarcane 
industry. 
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